Objective APOE e2 and e4 alleles have been associated with lobar intracerebral hemorrhage (ICH) in predominately white populations; we sought to evaluate whether this held true among black and Hispanic populations.
Conclusion
In contrast to Caucasian patients, in which amyloid risk factors predominate in lobar ICH, we found that hypertension was the predominant risk factor for lobar ICH. While APOE alleles are a risk factor for lobar ICH in white patients, they appear to have a much lower effect in lobar ICH in African American and Hispanic American populations. This suggests APOE e2 and APOE e4 do not affect lobar ICH risk homogeneously across ethnic populations. In addition, hypertension has a prominent role in lobar ICH risk, particularly among minorities.
Intracerebral hemorrhage (ICH) is responsible for 10%-15% of strokes worldwide each year. 1 Among the major stroke types, ICH patients have the highest short-term 2 and longterm morbidity 3 as well as the highest mortality. 2, 3 ICH is often categorized based on location: deep (ganglionic), lobar, cerebellar, and brainstem. Deep and lobar ICH are the most common locations affected, with relative frequencies varying greatly depending on race/ethnicity. 4 Numerous risk factors for ICH have been identified: age, 5 hypertension, 4, 6 anticoagulant use, 7, 8 heavy alcohol use, 9 and cerebral amyloid angiopathy (CAA). 10, 11 CAA, resulting from amyloid protein deposition in cortical arterioles, occurs almost exclusively in cortical regions and the cerebellum. 4 Presence of APOE e2 or APOE e4 alleles has been associated with increased risk of CAA 12, 13 and lobar ICH. [14] [15] [16] [17] Proposed mechanisms include alterations in amyloid processing and lipid metabolism. 16 Prior studies, consisting mostly of white populations, have established significant differences in risk factors based on ICH location, with hypertension predominating in nonlobar ICH 4, 6 and APOE status predominating in lobar ICH in white patients. [14] [15] [16] [17] Because existing studies have drawn from predominantly white populations, applicability to minorities such as black and Hispanic patients is limited. We sought to evaluate whether the presence of APOE e2 and APOE e4 alleles were independent risk factors for lobar ICH in black and Hispanic populations.
Methods
Methods for the Ethnic/Racial Variations of Intracerebral Hemorrhage (ERICH) 18 study have been previously published. 18 Briefly, the ERICH study is a multicenter casecontrol study of ICH in non-Hispanic white participants (hereafter "white participants"), non-Hispanic black participants (hereafter "black participants"), and Hispanic participants at 19 centers throughout the United States. Participants were 18 years or greater and fulfilled the criteria for ICH. In addition, participants had no evidence of trauma, vascular malformation or aneurysm, or brain tumor as a cause of the hemorrhage. Participants were excluded if they had evidence of malignancies leading to coagulopathy, hemorrhagic transformation of ischemic infarct, or hemorrhage secondary to dural venous sinus thrombosis.
Standard protocol approvals, registrations, and patient consents Approval was received from the ethical standards committee on human experimentation for all experiments with human participants. Informed consent was obtained from all study participants or their legally authorized representative (consent for research). The study is registered in clinicaltrials.gov as NCT01202864.
Recruitment
Prior studies had identified the potential for survival and mild severity bias in the recruitment of cases, which led to modifications in recruitment procedures instituted for the current study. "Hot pursuit" recruitment, rather than retrospective recruitment, was utilized in patient identification. 18 Almost all cases had a clinically drawn sample that was available for genetic testing. If a case did not have a clinically drawn sample, then a study test tube was used. The clinically drawn and study test tubes were otherwise handled in an identical fashion. ICH-free controls were identified through random digit dialing to match to cases by age, ethnicity/race, sex, and geographic location. Two random-digit dialing centers are used for the study. All controls were used in ethnicity-matched analyses. 18 Imaging CT images on admission, as well as follow-up scans during hospitalization, were analyzed for ICH location by a centralized neuroimaging core. Images in digital format were deidentified and were reviewed in a standardized fashion blinded to clinical evaluations. Intraparenchymal and intraventricular volumes are measured by planimetric analysis using Alice software (Parexel Corporation, Waltham, MA).
APOE genotypes
Blood samples were collected using a standardized blood collection kit with a unique study ID for each patient. APOE genotype was determined based on enzymatic digestion of PCR products, blinded to clinical evaluation. The 2 APOE single nucleotide polymorphisms (SNP) that exist at amino acid 112 and 158 of the APOE gene were targeted individually by the allele-specific Taqman probes (rs429358 and rs7412). The individual genotypes of the SNP assays at the 2 sites were then combined to create a single, standard APOE genotype. For analysis, genotypes were assigned based on carrier frequency, and individuals who were e2/e4 heterozygotes were included in both the e2 and e4 analysis.
Demographic variables
High cholesterol was defined by interview as participant having ever been told by a doctor that he or she has high cholesterol. Heavy alcohol use was defined as greater than 2 drinks per day on average over a week. Education level was defined by self-report as less than high school, high school, or greater than high school.
Statistical analysis
Descriptive statistics were computed as means with SDs for continuous variables and as frequencies with percentages for categorical variables. First, age-adjusted logistic regression was computed, initially analyzing all cases and controls, then only cases and controls without hypertension, and last only cases and controls with hypertension. Next, multivariate modeling was performed with backward elimination, controlled for age, sex, hypertension, anticoagulant use, education level, alcohol use, diabetes, and APOE alleles with all variables with p ≤ 0.05 retained. Finally, we performed a logistic regression using cases only, controlling for age, ethnicity, ICH volume, and presence of intraventricular hemorrhage, on the subset of lobar ICH cases to determine whether APOE e2 or APOE e4 status was associated with worse outcomes after lobar ICH, defined as a modified Rankin Scale score ≥4 at 3 months poststroke.
Data availability
Deidentified data from the ERICH study were made publicly available on October 1, 2017, through the NINDS Data Archive. In addition, an analysis dataset is available through request to the study. For more information, please contact daniel.woo@uc.edu. Table 1 provides demographic data. There were 907 cases of lobar ICH (401 white patients, 237 black patients, and 269 Hispanic patients) in the ERICH study, all with APOE genotypes available. These cases were compared with the 2,660 controls (979 white, 886 black, and 795 Hispanic) available at the time of analysis who did not have a history of ICH. All lobar ICH cases were planned to be matched to controls by age, race, sex, and geographic location. However, for the current analysis, matching was broken to increase power so controls for nonlobar ICH controls were included. We also performed a 1:1 matched analysis for age, race, and sex with the results generally similar but with borderline significance due to reduced power. In our current study, cases were compared to controls and adjusted for age, race, sex, and location as needed. Thus, 44% of the cases were white compared with 37% of the controls, 26% of cases were black vs 33% of controls, and 30% of both cases and controls were Hispanic (p < 0.0001). Collectively, the lobar ICH group was 4 years older than the control group on average, the lobar ICH group had a higher proportion of female participants than the control group, and higher proportions of lobar ICH cases were hypertensive, used anticoagulants, and used alcohol heavily, compared with the control group (table 1) .
Results
Racial/ethnic variations in diabetes, education level, and APOE alleles were also noted (table 1). A significantly higher proportion of black patients with lobar ICH had diabetes mellitus, compared with black controls. Although higher proportions of controls had education beyond high school in all 3 racial/ethnic groups, the proportions for the lobar ICH cases varied considerably among the racial/ethnic groups (60.7% for white participants, 38.7% for black participants, and 19.5% for Hispanic participants). Overall, women were more likely to have lobar ICH compared with controls (table  1) . The APOE e2 genotype was more common among white lobar ICH patients (23.2%) compared with white controls (17.5%), as well as compared with black patients (19.8%) and Hispanic patients (8.9%). Overall, a significantly higher proportion of lobar ICH patients had the APOE e4 genotype (34% vs 28% of controls). This was largely driven by the differences in white lobar ICH patients compared with white controls.
In multivariate analysis, both APOE e2 and APOE e4 genotypes were independently associated with lobar ICH (table 2) in the white subgroup, and neither APOE e2 nor APOE e4 was independently associated with lobar ICH in the black or Hispanic subgroups, which corroborates the univariate analysis. In a post hoc power analysis, based on our total numbers of black and Hispanic patients, we would have been able to detect an odds ratio (OR) of 1.08 in black patients and 1.07 in Hispanic patients with 80% power.
Multivariate analysis also demonstrated that not being educated beyond high school was associated with between a 2.5-and 5-fold increased odds for lobar ICH, with the highest odds among Hispanic participants with less than a high school education. In addition, hypertension was independently associated with lobar ICH for all 3 racial/ethnic subgroups, with OR as high as 2.6 for black participants and 2.4 for Hispanic participants, compared with 1.7 for white participants. Anticoagulant use was associated with a 6-fold risk for lobar ICH in black participants, compared with a 3-fold risk for Hispanic participants and a 2-fold risk for white participants.
Because lobar ICH occurred approximately 8 years earlier in life among black and Hispanic participants, compared with white participants, and age was not a confounder for increased risk of lobar ICH, we repeated the analysis for the 408 cases and 812 controls over 70 years old. For this older group, the APOE e2 genotype was not associated with increased risk for lobar ICH (OR 1.2, 95% confidence interval [CI] 0.9-1.7, p = 0.28) when all racial/ethnic subgroups were combined, and there was no association in any of the racial/ethnic subgroups. The APOE e4 genotype was associated with increased risk for lobar ICH in the white subgroup over 70 years of age (OR 2.6, 95% CI 1.9-3.8, p < 0.0001), whereas it was not associated with higher ICH risk in the black (OR 1.4, 95% CI 0.8-2.6, p = 0.26) or Hispanic subgroups (OR 1.5, 95% CI 0.8-2.8, p = 0.16). In a post hoc power analysis for this over 70-year-old subgroup, we would have been able to detect an OR of 1.09 for black and Hispanic participants with 80% power. In age-adjusted logistic regression, neither APOE e2 nor APOE e4 emerged as risk factors for hypertensive black participants, nonhypertensive black participants, hypertensive Hispanic participants, or nonhypertensive Hispanic participants (table 3 ). In the white hypertensive subgroup, the APOE e2 allele was associated with lobar ICH, but it was not associated with lobar ICH for nonhypertensive white participants. Conversely, APOE e4 was associated with lobar ICH in nonhypertensive white participants, but it was not associated with lobar ICH for hypertensive white participants.
Pertaining to outcome data, APOE e2 and APOE e4 were not associated with worse clinical outcomes at 3 months (table 4) . Race/ethnicity was similarly not associated with a worse clinical outcome for lobar ICH. Age, lobar ICH volume, and presence of intraventricular hemorrhage were all independently associated with poor outcomes (modified Rankin Scale score ≥ 4).
As previously stated, we also performed a 1:1 matched analysis for age, race, and sex. Demographic information from this matched analysis is summarized in 
Discussion
Our study found that APOE e2 and APOE e4 alleles were not significantly associated with lobar ICH in black and Hispanic participants, even when the analysis was limited to older age. In white participants, we found APOE e2 and APOE e4 alleles to be independent risk factors for lobar ICH, as has been wellestablished. 19 Hypertension was a significant risk factor for lobar ICH, particularly in the black and Hispanic subgroups. We also found that there was a differential effect of the risk of APOE alleles on risk of lobar ICH among white participants, depending on prior history of hypertension. One explanation could be that APOE e2 increases the risk of hypertensive lobar ICH, whereas APOE e4 increases the risk of CAA-related (nonhypertensive) lobar ICH. Both alleles remain risk factors for lobar ICH among white participants, but they do not appear to be associated with increased lobar ICH risk in black or Hispanic participants.
The APOE e2 and APOE e4 alleles have been proposed to have a variety of cerebrovascular consequences that result in increased risk for ICH. APOE e2 and APOE e4 alleles have been shown to have more β-amyloid (Aβ) deposition in cerebrovascular vessel walls, predisposing them to CAAassociated ICH. 20, 21 APOE e4 results in higher resting cerebral blood flow in older adults 22 coupled with Aβ vessel wall deposition, and this was thought to be the rationale for association of APOE e4 alleles with higher lobar ICH rates. An additional proposed mechanism for lobar ICH in APOE e2 is the lower affinity for low-density lipoprotein receptor compared with APOE e4 and APOE e3 alleles. 20, 23 Our results suggest that APOE function does not differ across racial and ethnic groups, but rather amyloid-dependent hemorrhage pathogenesis may be relatively underrepresented as a lobar ICH mechanism in black and Hispanic patients, compared with white patients, and therefore any future therapeutics that target amyloid biology in an effort to reduce ICH risk could be met with less clinical effect in these minority populations. In addition, efforts to aggressively treat hypertension in minority populations may ameliorate lobar ICH risk to a greater degree than would be expected in white populations with a higher prevalence of CAA-related lobar ICH.
Some classification of ICH systems regard most lobar ICH as the result of CAA. 24 Indeed, our own study group had previously reported in a predominately white ICH population that the attributable risk for lobar ICH was high for APOE alleles, with minimal contribution from hypertension. 24 However, several other studies have demonstrated both treated and untreated hypertension as risk factors for lobar ICH. 6, 25, 26 Untreated hypertension is an important risk factor for lobar ICH in black and Hispanic patients. 6 Our study supports the view that hypertension is an important independent risk factor for lobar ICH across white, black, and Hispanic groups.
Our finding that less than a high school education is associated with a 3-to 5-fold risk of lobar ICH across white, black, and Hispanic participants is congruent with previous research. 27, 28 Lower education levels are thought to reflect socioeconomic status and issues related to health care access. 29 As previously hypothesized, 27 the strength of its association with lobar ICH varied across groups in our study. All the racial/ethnic groups demonstrated a high risk of less than high school education compared with greater than or equal to high school education.
Regarding alcohol use, previous studies have been difficult to compare given variable definitions of heavy alcohol use. Our study demonstrated a clear increased risk of lobar ICH in the black and Hispanic groups for frequent alcohol use.
Our study has several limitations. We allowed for self-report of race and did not use genotyped ancestry informative markers to verify self-report in this analysis. Even if this analysis was conducted and we could discriminate between African ancestral Hispanic participants and Amerindian ancestry, we could not discriminate within groups. For example, although people of Puerto Rican, Peruvian, and Mexican descent might all identify as Hispanic, their genetic differences may be variable.
The strengths of our investigation include the multiple centers for recruitment and the multiethnic/multiracial patients studied with large sample sizes, allowing for the analysis of risk factors in white, black, and Hispanic participants. Hispanic patients have been underrepresented in ICH literature, our study being among the first to include a genetic analysis of Hispanic ICH cases in a large scale. Therefore our results are more broadly applicable than previously reported literature on lobar ICH, which consisted of primarily white populations.
Our study found that APOE e2 and APOE e4 are not independent risk factors for lobar ICH in black and Hispanic populations. Although a small effect is possible, this finding suggests that other factors affect how APOE alleles lead to lobar ICH among white patients and challenges the notion that hypertension plays little role in lobar ICH. The complex interplay between APOE status and lobar ICH requires deeper investigation and analysis going forward. Abbreviations: CI = confidence interval; OR = odds ratio.
